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DESCRIPTION 

MOTOR CONTROL APPARATUS AND MOTOR CONTROL METHOD 



Technical Field 

5 The present invention relates to a motor control 

apparatus and a motor control method. More specifically the 
invention pertains to a motor control apparatus that controls 
a motor, which is mounted on a vehicle and outputs power to a 
drive shaft linked to drive wheels, as well as to a corresponding 
10 motor control method. 

Background Art 

One proposed motor control apparatus restricts torque 
output from a motor to a drive shaft, in response to occurrence 

15 of a skid due to wheelspin of drive wheels with the torque output 
from the motor (see, for example, Japanese Patent Laid-Open 
Gazette No. 10-304514) . This prior art motor control apparatus 
detects the occurrence of a skid when an angular acceleration 
(a time variation of angular velocity) of the drive wheels 

20 exceeds a preset threshold value, and lowers the torque output 
from the motor to reduce the skid. 

The applicant of the present invention has previously 
proposed a technique to prevent such repetition of the 
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occurrence and convergence of skids. This proposed technique 
restricts the torque output from a motor when the angular 
acceleration of drive wheels exceeds a preset threshold value, 
and relieves the torque restriction when the torque restriction 
5 lowers the angular acceleration below the preset threshold 
value and a predetermined cancellation condition is fulfilled 
(for example, when the vehicle speed is not higher than a preset 
level) (see Japanese Patent Laid-Open Gazette No . 2001-295676) . 

10 Disclosure of the Invention 

The motor control apparatus and the corresponding motor 
control method of the invention aim to eliminate the drawbacks 
of the prior art and effectively prevent repeated occurrence 
and convergence of skids . The motor control apparatus and the 
15 motor control method of the invention also aim to control the 
torque output to the drive shaft to an adequate level according 
to the skid state without excessive torque restriction. 

At least part of the above and the other related objects 
is attained by the motor control apparatus and the corresponding 
20 motor control method of the invention having the arrangements 
discussed below. 

A motor control apparatus of the invention drives and 
controls a motor, which is mounted on a vehicle and outputs power 
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to a drive shaft linked to drive wheels, and the motor control 
apparatus includes : an angular acceleration measurement module 
that measures an angular acceleration of either of the drive 
shaft and a rotating shaft of the motor; a first skid detection 
5 module that detects a skid due to wheelspin of the drive wheels, 
based on the measured angular acceleration; a first torque 
restriction control module that, in response to detection of 
a skid by the first skid detection module, restricts torque 
output and controls the motor with the restricted torque output , 

10 so as to reduce the skid; a first integration module that 
integrates the angular acceleration, which is measured by the 
angular acceleration measurement module, to give a time 
integration thereof since detection of the skid by the first 
skid detection module; and a first torque restoration control 

15 module that, in response to at least a reducing tendency of the 
skid, restores the torque output, which is restricted by the 
first torque restriction control module, according to the time 
integration of the angular acceleration given by the first 
integration module and controls the motor with the restored 

20 torque output . 

In response to detection of a skid due to wheelspin of 
the drive wheels based on the measured angular acceleration of 
the drive shaft or the rotating shaft, the motor control 
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apparatus of the invention restricts the torque output and 
controls the motor with the restricted torque output, in order 
to reduce the skid. The motor control apparatus integrates the 
angular acceleration to give the time integration thereof since 
5 detection of the skid. In response to at least a reducing 
tendency of the skid, the motor control apparatus restores the 
restricted torque output according to the time integration of 
the angular acceleration and controls the motor with the 
restored torque output. It is expected that the time 

10 integration of the angular acceleration since detection of the 
skid reflects the skid state. The restoration of the torque 
output, which was restricted under the occurrence of the skid, 
according to the time integration of the angular acceleration, 
in response to at least a reducing tendency of the skid, 

15 effectively prevents the occurrence of another skid. 

In one preferable embodiment of the motor control 
apparatus of the invention, the first skid detection module may 
compare the angular acceleration measured by the angular 
acceleration measurement module with a preset threshold value 

20 to detect a skid, and the first integration module may integrate 
the angular acceleration over an integration interval when the 
measured angular acceleration once exceeds the preset threshold 
value and decreases again below the preset threshold value. The 
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motor control apparatus of this embodiment accurately perceives 
the current skid state and restores the restricted torque 
output . 

In another preferable embodiment of the motor control 
5 apparatus of the invention, the first torque restoration 
control module may vary a degree of restoration of the 
restricted torque output according to the time integration of 
the angular acceleration and control the motor with the varied 
degree of the restored torque output . In the motor control 

10 apparatus of this embodiment, the first torque restoration 
control module may control the motor with a lower degree of 
restoration of the restricted torque output against an increase 
in time integration of the angular acceleration. The motor 
control apparatus of this embodiment sets a lower degree of 

15 restoration of the restricted torque output in response to a 
greater time integration of the angular acceleration of the 
drive shaft, which suggests a higher potential for occurrence 
of another skid, while setting a higher degree of restoration 
of the restricted torque output in response to a smaller time 

20 integration of the angular acceleration of the drive shaft, 
which suggests a lower potential for occurrence of another skid. 
This arrangement ensures restoration of the restricted torque 
output to an adequate level to prevent the occurrence of another 
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skid. Moreover, in the motor control apparatus of this 
embodiment, the first torque restoration control module may set 
a maximum torque in restoration of the restricted torque output 
based on the time integration of the angular acceleration and 
5 control the motor with the setting of the maximum torque as an 
upper limit. 

In still another preferable embodiment of the motor 
control apparatus of the invention, the first torque 
restoration control module may restore the restricted torque 

10 output, in response to continuous measurement of a negative 
level of the angular acceleration for a preset time period by 
the angular acceleration measurement module, and control the 
motor with the restored torque output. 

Moreover, in another preferable embodiment of the motor 

15 control apparatus of the invention, the first torque 
restriction control module may vary a degree of restriction of 
the torque output according to the measured angular 
acceleration and control the motor with the varied degree of 
the restricted torque output. The motor control apparatus of 

20 this embodiment effectively restricts the torque output from 
the motor according to the degree of the skid. In the motor 
control apparatus of this embodiment, the first torque 
restriction control module may control the motor with a higher 
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degree of restriction of the torque output against an increase 
in measured angular acceleration. In the motor control 
apparatus of this embodiment, the first torque restriction 
control module may set a maximum torque in restriction of the 
5 torque output based on the measured angular acceleration and 
control the motor with the setting of the maximum torque as an 
upper limit. 

Further, in another preferable embodiment of the motor 
control apparatus of the invention, the vehicle may have driven 

10 wheels that are driven by the drive wheels. The motor control 
apparatus of this embodiment may further include a drive wheel 
rotation speed measurement module that measures a rotation 
speed of the drive wheels; a driven wheel rotation speed 
measurement module that measures a rotation speed of the driven 

15 wheels; a second skid detection module that detects a skid due 
to wheelspin of the drive wheels, based on a wheel speed 
difference between the measured rotation speed of the drive 
wheels and the measured rotation speed of the driven wheels ; 
and a second torque restriction control module that , in response 

20 to detection of a skid by the second skid detection module, 
restricts the torque output and controls the motor with the 
restricted torque output, so as to reduce the skid. The motor 
control apparatus of this embodiment detects a skid, which is 
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not detectable by a variation in angular acceleration of the 
drive shaft, based on the wheel speed difference between the 
rotation speed of the drive wheels and the rotation speed of 
the driven wheels and reduces the detected skid. 
5 In one preferable embodiment of the motor control 

apparatus of the invention that is designed to detect a skid 
based on the wheel speed difference between the rotation speed 
of the drive wheels and the rotation speed of the driven wheels, 
the motor control apparatus further includes a second 

10 integration module that integrates the wheel speed difference 
between the measured rotation speed of the drive wheels and the 
measured rotation speed of the driven wheels to give a time 
integration thereof since detection of the skid by the second 
skid detection module. The second torque restriction control 

15 module restricts the torque output according to the time 
integration of the wheel speed difference and controls the motor 
with the restricted torque output . The motor control apparatus 
of this embodiment accurately perceives the degree of the skid 
according to the time integration of the wheel speed difference 

20 and thus adequately restricts the torque output from the motor. 
In the motor control apparatus of this embodiment, the second 
skid detection module may compare the wheel speed difference 
with a preset threshold value to detect a skid, and the second 
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torque restriction control module may restrict the torque 
output according to the time integration of the wheel speed 
difference since an increase in wheel speed difference over the 
preset threshold value and control the motor with the restricted 
5 torque output. Further, in the motor control apparatus of the 
invention, the second torque restriction control module may 
vary a degree of restriction of the torque output according to 
the time integration of the wheel speed difference and control 
the motor with the varied degree of the restricted torque output 

10 This arrangement effectively restricts the torque output from 
the motor according to the degree of the skid. In the motor 
control apparatus of the invention, the second torque 
restriction control module may control the motor with a higher 
degree of restriction of the torque output against an increase 

15 in time integration of the wheel speed difference. 

In one preferable embodiment of the motor control 
apparatus of the invention that is designed to compare the wheel 
speed difference between the rotation speed of the drive wheels 
and the rotation speed of the driven wheels with a preset 

20 threshold value to detect a skid, the motor control apparatus 
further includes a second torque restoration control module 
that, when a result of the comparison by the second skid 
detection module shows that the wheel speed difference 
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decreases below the preset threshold value, restores the torque 
output restricted by the second torque restriction control 
module and controls the motor with the restored torque output. 
This arrangement effectively prevents the occurrence of another 
5 skid. 

A motor control method of the invention drives and 
controls a motor, which is mounted on a vehicle and outputs power 
to a drive shaft linked to drive wheels, and the motor control 
method include the steps of: (a) measuring an angular 

10 acceleration of either of the drive shaft and a rotating shaft 
of the motor; (b) detecting a skid due to wheelspin of the drive 
wheels, based on the measured angular acceleration; (c) in 
response to detection of a skid by the step (b) , restricting 
torque output and controlling the motor with the restricted 

15 torque output so as to reduce the skid; (d) integrating the 
angular acceleration, which is measured by the step (a) , to give 
a time integration thereof since detection of the skid by the 
step (b) ; and (e) in response to at least a reducing tendency 
of the skid, restoring the torque output, which is restricted 

20 by the step (c) , according to the time integration of the angular 
acceleration given by the step (d) and controlling the motor 
with the restored torque output. 

In one preferable embodiment of the motor control method 
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of the invention, the step (b) may compare the angular 
acceleration measured by the step (a) with a preset threshold 
value to detect a skid, and the step (d) may integrate the angular 
acceleration over an integration interval when the measured 
5 angular acceleration once exceeds the preset threshold value 
and decreases again below the preset threshold value. 

In another preferable embodiment of the motor control 
method of the invention, the step (e) may vary a degree of 
restoration of the torque output restricted by the step (c) 

10 according to the time integration of the angular acceleration 
and controls the motor with the varied degree of the restored 
torque output. In the motor control method of this embodiment, 
the step (e) may control the motor with a lower degree of 
restoration of the restricted torque output against an increase 

15 in time integration of the angular acceleration. Further, in 
the motor control method of this embodiment, the step (e) may 
set a maximum torque in restoration of the restricted torque 
output based on the time integration of the angular acceleration 
and control the motor with the setting of the maximum torque 

20 as an upper limit. 

In still another preferable embodiment of the motor 
control method of the invention, the step (e) may restore the 
restricted torque output , in response to continuous measurement 
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of a negative level of the angular acceleration for a preset 
time period by the step (a) , and control the motor with the 
restored torque output . 

The technique of the invention is not restricted to the 
5 motor control apparatus or the corresponding motor control 
method discussed above, but may also be actualized by a vehicle 
equipped with a motor and the motor control apparatus of the 
invention. 

10 Brief Description of the Drawings 

Fig. 1 schematically illustrates the configuration of an 
electric vehicle 10 equipped with a motor control apparatus 2 0 
in one embodiment of the invention; 

Fig. 2 is a flowchart showing a motor drive control routine 
15 executed by an electronic control unit 4 0 in the motor control 
apparatus 2 0 of the embodiment; 

Fig. 3 is a map showing variations in motor toque demand 
Tm* against vehicle speed V and accelerator opening Acc; 

Fig. 4 is a flowchart showing a skid state determination 
20 routine executed by the electronic control unit 4 0 in the motor 
control apparatus 2 0 of the embodiment; 

Fig. 5 is a flowchart showing a skid occurring state 
control routine executed by the electronic control unit 40 in 
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the motor control apparatus 2 0 of the embodiment; 

Fig. 6 is a map showing a variation in maximum torque Tmax 
against angular acceleration a of a motor 12; 

Fig. 7 is a flowchart showing a skid convergence state 
5 control routine executed by the electronic control unit 4 0 in 
the motor control apparatus 2 0 of the embodiment; 

Fig. 8 is a flowchart showing a torque restoration limit 

51 setting routine executed by the electronic control unit 4 0 
in the motor control apparatus 2 0 of the embodiment; 

10 Fig. 9 shows a variation in torque output from the motor 

12 with a variation in angular acceleration a of a rotating 
shaft of the motor 12; 

Fig. 10 shows settings of the maximum torque Tmax of the 
motor 12 against the angular acceleration a; 
15 Fig . 11 is a flowchart showing a minor skid occurring state 

control routine executed by the electronic control unit 40 in 
the motor control apparatus 2 0 of the embodiment; 

Fig. 12 is a flowchart showing a torque restriction rate 

52 setting routine executed by the electronic control unit 40 
20 in the motor control apparatus 2 0 of the embodiment; 

Fig. 13 is a flowchart showing a minor skid convergence 
state control routine executed by the electronic control unit 
4 0 in the motor control apparatus 2 0 of the embodiment; 
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Fig. 14 shows a variation in torque output from the motor 
12 with a variation in wheel speed difference AV between drive 
wheels 18a and 18b and driven wheels 19a and 19b; 

Fig. 15 shows settings of the maximum torque Tmax of the 
5 motor 12 against time integration of the wheel speed difference 

AV; 

Fig. 16 schematically illustrates the configuration of 
a hybrid vehicle 110; 

Fig. 17 schematically illustrates the configuration of 
10 a hybrid vehicle 210; and 

Fig. 18 schematically illustrates the configuration of 
a hybrid vehicle 310. 

Best Modes of Carrying Out the Invention 

15 One mode of carrying out the invention is described below 

as a preferred embodiment. Fig. 1 schematically illustrates 
the configuration of an electric vehicle 10 equipped with a 
motor control apparatus 2 0 in one embodiment of the invention. 
As illustrated, the motor control apparatus 2 0 of the embodiment 

20 is constructed to drive and control a motor 12, which uses 
electric power supplied from a battery 16 via an inverter 
circuit 14 and outputs power to a drive shaft linked to drive 
wheels 18a, 18b of the electric vehicle 10. The motor control 
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apparatus 2 0 includes a rotation angle sensor 22 that measures 
a rotation angle 0 of a rotating shaft of the motor 12, a vehicle 
speed sensor 24 that measures a driving speed of the vehicle 
10, wheel speed sensors 26a, 26b, 28a, and 2 8b that respectively 
5 measure wheel speeds of the drive wheels (front wheels) 18a and 
18b and driven wheels (rear wheels) 19a and 19b driven by the 
drive wheels 18a and 18b, diversity of sensors that detect the 
driver f s various operations (for example, a gearshift position 
sensor 32 that detects the driver' s setting position of a 

10 gearshift lever 31, an accelerator pedal position sensor 34 that 
detects the driver's step-on amount of an accelerator pedal 33 
(an accelerator opening) , and a brake pedal position sensor 36 
that detects the driver's step-on amount of a brake pedal 35 
(a brake opening) ) , and an electronic control unit 4 0 that 

15 controls the respective constituents of the apparatus. 

The motor 12 is, for example, a known synchronous motor 
generator that functions both as a motor and a generator. The 
inverter circuit 14 includes multiple switching elements that 
convert a supply of electric power from the battery 16 into 

20 another form of electric power suitable for actuation of the 
motor 12 . The structures of the motor 12 and the inverter 
circuit 14 are well known in the art and are not the key part 
of this invention, thus not being described here in detail. 
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The electronic control unit 4 0 is constructed as a 
microprocessor including a CPU 42, a ROM 44 that stores 
processing programs, a RAM 46 that temporarily stores data, and 
input and output ports (not shown) . The electronic control unit 
5 40 receives, via the input port, the rotation angle 0 of the 
rotating shaft of the motor 12 measured by the rotation angle 
sensor 22, the vehicle speed V of the vehicle 10 measured by 
the vehicle speed sensor 24, the wheel speeds Vfl and Vf2 of 
the drive wheels 18a and 18b and the wheel speeds Vrl and Vr2 

10 of the driven wheels 19a and 19b measured by the wheel speed 
sensors 26a, 26b, 28a, and 28b, the gearshift position detected 
by the gearshift position sensor 32, the accelerator opening 
Acc detected by the accelerator pedal position sensor 34, and 
the brake opening detected by the brake pedal position sensor 

15 36. The electronic control unit 40 outputs control signals, 
for example, switching control signals to the switching 
elements of the inverter circuit 14 to drive and control the 
motor 12, via the output port. 

The description regards the operations of the motor 

20 control apparatus 2 0 constructed as discussed above , especially 
a series of operations of driving and controlling the motor 12 
in the event of occurrence of a skid due to wheelspin of the 
drive wheels 18a and 18b of the vehicle 10 . Fig . 2 is a flowchart 
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showing a motor drive control routine executed by the electronic 
control unit 4 0 in the motor control apparatus 2 0 of the 
embodiment. This control routine is repeatedly executed at 
preset time intervals (for example, at every 8 msec) . 
5 When the motor drive control routine starts, the CPU 42 

of the electronic control unit 40 first inputs the accelerator 
opening Acc from the accelerator pedal position sensor 34, the 
vehicle speed V from the vehicle speed sensor 24, wheel speeds 
Vf and Vr from the wheel speed sensors 2 6a, 2 6b, 2 8a, and 2 8b, 

10 and a motor rotation speed Nm calculated from the rotation angle 
G measured by the rotation angle sensor 22 (step S100) . In this 
embodiment, the wheel speeds Vf and Vr respectively represent 
an average of the wheel speeds Vf 1 and Vf 2 measured by the wheel 
speed sensors 2 6a and 2 6b and an average of the wheel speeds 

15 Vrl and Vr2 measured by the wheel speed sensors 2 8a and 2 8b. 
The vehicle speed V is measured by the vehicle speed sensor 24 
in this embodiment, but may alternatively be calculated from 
the wheel speeds Vfl, Vf 2 , Vrl, and Vr2 measured by the wheel 
speed sensors 26a, 26b, 28a, and 28b. 

20 The CPU 42 then sets a torque demand Tm* of the motor 12 

according to the input accelerator opening Acc and the input 
vehicle speed V (step S102) . A concrete procedure of setting 
the motor torque demand Tm* in this embodiment stores in advance 
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variations in motor torque demand Tm* against the accelerator 
opening Acc and the vehicle speed V as a map in the ROM 44 and 
reads the motor torque demand Tm* corresponding to the given 
accelerator opening Acc and the given vehicle speed V from the 
5 map. One example of this map is shown in Fig. 3. 

The CPU 42 subsequently calculates an angular 
acceleration a from the motor rotation speed Nm input at step 
S100 (step S104) and a wheel speed difference Av from the average 
wheel speeds Vf and Vr input at step S10 0 (step S106) . The 

10 calculation of the angular acceleration a in this embodiment 
subtracts a previous rotation speed Nm input in a previous cycle 
of this routine from a current rotation speed Nm input in the 
current cycle of this routine (current rotation speed Nm - 
previous rotation speed Nm) . The calculation of the wheel speed 

15 difference Av in this embodiment subtracts the average Vr of 
the wheel speeds Vrl and Vr2 from the average Vf of the wheel 
speeds Vf 1 and Vf2 (Vf - Vr) . The unit of the angular 
acceleration a is [rpm / 8 msec] since the execution interval 
of this routine is 8 msec in this embodiment, where the rotation 

20 speed Nm is expressed by the number of rotations per minute [rpm] . 
Any other suitable unit may be adopted for the angular 
acceleration a as long as the angular acceleration a is 
expressible as a time variation of rotation speed. In order 
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to minimize potential errors, the angular acceleration a and 
the wheel speed difference AV may be an average of angular 
accelerations and an average of wheel speed differences 
calculated in a preset number of cycles of this routine (for 
5 example, 3) . 

The CPU 42 determines a skid state of the drive wheels 
18a and 18b, based on the calculated angular acceleration a 
and the calculated wheel speed difference AV (step S10 8) . The 
determination of the skid state follows a skid state 

10 determination routine shown in Fig. 4. The description of the 
motor drive control routine of Fig. 2 is suspended, and the skid 
state determination routine of Fig. 4 is described first. When 
the skid state determination routine starts, the CPU 42 of the 
electronic control unit 4 0 compares the angular acceleration 

15 a calculated at step S104 in the control routine of Fig. 2 with 
a preset threshold value aslip, which suggests the occurrence 
of a skid due to wheelspin (step S130) . When the calculated 
angular acceleration a exceeds the preset threshold value aslip, 
the CPU 42 determines the occurrence of a skid on the wheels 

20 18a and 18b and sets the value ' 1' to a skid occurrence flag 
Fl representing the occurrence of a skid (step S132) , before 
exiting from this skid state determination routine. When the 
calculated angular acceleration a does not exceed the preset 
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threshold value aslip, on the other hand, the CPU 42 determines 
whether the skid occurrence flag Fl is equal to 1 (step S134) . 
When the skid occurrence flag Fl is equal to 1, the CPU 42 
subsequently determines whether the calculated angular 
5 acceleration a is negative and whether the negative angular 
acceleration a has been kept for a preset time period (step 
S136) . When the calculated angular acceleration a is negative 
and the negative angular acceleration a has been kept for the 
preset time period, the CPU 42 determines convergence of the 

10 skid occurring on the drive wheels 18a and 18b and sets the value 
•1' to a skid convergence flag F2 (step S138), before exiting 
from this skid state determination routine. When the angular 
acceleration a is not negative or when the negative angular 
acceleration a has not been kept for the preset time period 

15 under the setting of the value '1' to the skid occurrence flag 
Fl, the CPU 42 determines no convergence of the skid and 
terminates this skid state determination routine. 

When the calculated angular acceleration a does not 
exceed the preset threshold value aslip and the skid occurrence 

20 flag Fl is not equal to 1, the determination result based on 
the angular acceleration a shows no occurrence of a skid. The 
wheel speed difference AV calculated at step S106 in the control 
routine of Fig. 2 is then compared with a preset threshold value 
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Vslip (step S140) . When the calculated wheel speed difference 
Av exceeds the preset threshold value Vslip, the CPU 42 
determines the occurrence of a minor skid with a slight increase 
in angular acceleration a and sets the value 'l 1 to a minor 
5 skid occurrence flag F3 (step S142) , before exiting from this 
skid state determination routine. When the calculated wheel 
speed difference AV does not exceed the preset threshold value 
Vslip, on the other hand, the CPU 42 determines whether the minor 
skid occurrence flag F3 is equal to 1 (step S144) . When the 

10 minor skid occurrence flag F3 is equal to 1 , the CPU 42 determines 
convergence of the minor skid occurring on the drive wheels 18a 
and 18b and sets the value '1' to a minor skid convergence flag 
F4 (step S146) , before exiting from this skid state 
determination routine. The procedure of this embodiment 

15 determines the skid state of the drive wheels 18a and 18b based 
on the wheel speed difference AV, since the drive wheels 18a 
and 18b may have a minor wheelspin under some wear level of wheels 
and some conditions of the road surface even when the angular 

acceleration a does not significantly increase to suggest the 
20 occurrence of a major skid. 

When the wheel speed difference AV does not exceed the 
preset threshold value Vslip and the minor skid occurrence flag 
F3 is not equal to 1, the CPU 42 determines no occurrence of 
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any skid on the drive wheels 18a and 18b and sets the value 1 0 • 
to all the flags Fl to F4 (step S148) , before exiting from this 
skid state determination routine. 

On completion of the skid state determination routine of 
5 Fig. 4, the program returns to the motor drive control routine 
of Fig. 2 to execute required control according to the 
determined skid state (steps S112 to S120) and terminates the 
motor drive control routine. Setting the value '0' to all the 
flags Fl to F4 suggests no occurrence of any skid and triggers 

10 grip control (step S112) . Setting the value '1' to the flag 
Fl and the value ' 0 1 to the flag F2 suggests the occurrence of 
a major skid and triggers skid occurring state control (step 
S114) . Setting the value 1 1" to both the flags Fl and F2 
suggests convergence of the major skid and triggers skid 

15 convergence state control (step S116) . Setting the value 'T 
to the flag F3 and the value ! 0 ! to the flag F4 suggests the 
occurrence of a minor skid and triggers minor skid occurring 
state control (step S118) . - Setting the value ! 1 ! to both the 
flags F3 and F4 suggests convergence of the minor skid and 

20 triggers minor skid convergence state control (step S12 0) . The 
details of the respective controls are described below. 

The grip control is normal drive control of the motor 12 
and drives and control the motor 12 to ensure output of a torque 
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corresponding to the preset torque demand Tm* . 

The skid occurring state control drives and controls the 
motor 12 to lower the angular acceleration a increasing by the 
occurrence of a skid and follows a skid occurring state control 
5 routine of Fig. 5. The CPU 42 of the electronic control unit 
40 first compares the angular acceleration a with a preset peak 
value apeak (step S150) . When the angular acceleration a 
exceeds the preset peak value apeak, the peak value apeak is 
updated to the current value of the angular acceleration a (step 

10 S152) . The peak value apeak represents a peak of the angular 
acceleration a increasing due to a skid and is initially set 
equal to 0 . Until the angular acceleration a increases to reach 
its maximum, the peak value apeak is successively updated to 
the current value of the angular acceleration a. When the 

15 increasing angular acceleration a reaches its maximum, the 
maximum value of the increasing angular acceleration a is fixed 
to the peak value apeak. After setting the peak value apeak, 
the CPU 42 sets a maximum torque Tmax as an upper limit of torque 
output from the motor 12 corresponding to the peak value apeak 

20 (step S154) . The procedure of this embodiment refers to a map 
shown in Fig. 6 to set the maximum torque Tmax. Fig. 6 shows 
a variation in maximum torque Tmax against the angular 
acceleration a. As illustrated in this map, the maximum torque 
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Tmax decreases with an increase in angular acceleration a. The 
greater peak value apeak with an increase in angular 
acceleration a, that is, the heavier skid, sets the smaller 
value to the maximum torque Tmax and limits the output torque 
5 of the motor 12 to the smaller maximum torque Tmax. 

After setting the maximum torque Tmax, the motor torque 
demand Tm* is compared with the maximum torque Tmax (step S156) . 
When the motor torque demand Tm* exceeds the maximum torque Tmax, 
the motor torque demand Tm* is limited to the maximum torque 

10 Tmax (step S158) . The CPU 42 then sets the motor torque demand 
Tm* to a target torque and drives and controls the motor 12 to 
output a torque corresponding to the target torque Tm* (step 
S160) , before exiting from this skid occurring state control 
routine. The torque output from the motor 12 in the occurrence 

15 of a skid is limited to a lower level (that is, the maximum torque 
Tmax corresponding to the peak value apeak of the angular 
acceleration in the map of Fig. 6) for immediate reduction of 
the skid. This limitation effectively reduces the skid. 

The skid convergence state control drives and controls 

20 the motor 12 to restore the torque level limited in response 
to the increasing angular acceleration a by the skid occurring 
state control, and follows a skid convergence state control 
routine of Fig. 7. The CPU 42 of the electronic control unit 
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40 first inputs a torque restoration limit 5l (expressed in the 
same unit [rpm / 8 msec] as the angular acceleration) (step S170) . 
The torque restoration limit 5l is a parameter used to set a 
degree of restoration from the torque restriction by increasing 
5 the maximum torque Tmax, which has been limited corresponding 
to the peak value apeak of the angular acceleration by the skid 
occurring state control. The torque restoration limit 5l is 
set according to a torque restoration limit 5l setting routine 
shown in Fig. 8 as discussed below. The torque restoration 

10 limit 5l setting routine of Fig. 8 is executed when the skid 
occurrence flag Fl is changed from 0 to 1 (that is, when the 
calculated angular acceleration a exceeds the preset threshold 
value aslip) at step S132 in the skid state determination 
routine of Fig. 4. The CPU 42 of the electronic control unit 

15 40 first inputs the motor rotation speed Nm calculated from the 
rotation angle 0 measured by the rotation angle sensor 22 (step 
S190) and calculates the angular acceleration a of the motor 
12 from the input motor rotation speed Nm (step S192) . The CPU 
42 then integrates the angular acceleration a to give a time 

20 integration otint thereof over an integration interval since 
the angular acceleration a exceeds the preset threshold value 
aslip (step S194) . In this embodiment, the time integration 
aint of the angular acceleration a is given by Equation (1) 
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below, where At denotes a time interval of the repeated 
execution of steps S190 to S194 as described below and is set 
equal to 8 msec in this embodiment: 

5 ocint <— aint + (a - aslip) - At (1) 

The processing of steps S190 to S194 is repeated at the 
time intervals At, until the angular acceleration a decreases 
below the preset threshold value aslip (step S196) . Namely the 

10 integration interval is between the time point when the angular 
acceleration a exceeds the threshold value aslip and the time 
point when the angular acceleration a decreases below the 
threshold value aslip. The torque restoration limit 5l is set 
by multiplying the time integration aint by a predetermined 

15 coefficient kl (step S198) . The torque restoration limit 6l 
setting routine is here terminated. This routine calculates 
the torque restoration limit 5l by multiplication of the 
predetermined coefficient kl . One modified procedure may 
prepare in advance a map representing a variation in torque 

20 restoration limit 5l against the time integration aint and read 
the torque restoration limit 5l corresponding to the given time 
integration aint from the map. 

On completion of the torque restoration limit 5l setting 
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routine of Fig. 8, the program returns to the skid convergence 
state control routine of Fig. 7. After input of the torque 
restoration limit 8l, the CPU 42 receives a cancellation request 
of the torque restoration limit 5l (step S172) if present and 
5 determines the presence or the absence of the cancellation 
request (step S174) . This step determines input or non- input 
of a request for canceling the torque restoration limit 5l , which 
is the parameter to set the degree of restoration from the torque 
restriction (a request for gradually increasing the degree of 

10 restoration) . The procedure of this embodiment receives a 
cancellation request to cancel the restoration limit with a 
cancellation rate A5l, which is initially set equal to 0 and 
increments by a preset increment amount every time a preset 
waiting time interval has elapsed since the first cycle of this 

15 routine. The waiting time interval and the increment amount 
of the cancellation rate A8l may be varied according to the 
demand level of the driver 1 s cancellation request, for example, 
according to the magnitude of the accelerator opening 
representing the driver's torque output demand. In the 

20 presence of a cancellation request, the torque restoration 
limit 5l is updated by subtracting the cancellation rate A8l 
from the previous setting of the torque restoration limit 5l 
input at step S170 (step S176) . In the absence of a cancellation 
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request, that is, when the preset waiting time interval has not 
yet elapsed since the first cycle of this routine and the 
cancellation rate A5l is equal to 0, on the other hand, the torque 
restoration limit 5l is not updated. The maximum torque Tmax 
5 as the upper limit of torque output from the motor 12 is set 
corresponding to the torque restoration limit 5l by referring 
to the map of Fig. 6 (step S178) . 

After setting the maximum torque Tmax, the motor torque 
demand Tm* is compared with the preset maximum torque Tmax (step 

10 S180) . When the motor torque demand Tm* exceeds the maximum 
torque Tmax, the motor torque demand Tm* is limited to the 
maximum torque Tmax (step S182) . The CPU 42 then sets the motor 
torque demand Tm* to a target torque and drives and controls 
the motor 12 to output a torque corresponding to the target 

15 torque Tm* (step S184) . The torque control of the motor 12 based 
on the torque restoration limit 5l, which is set corresponding 
to the time integration of the angular acceleration a, ensures 
restoration of the restricted torque to an adequate level in 
response to convergence of a skid according to the current skid 

20 state. Under the condition of a large time integration of the 
angular acceleration a, which suggests a high potential for 
occurrence of another skid, the torque restoration level is set 
low in response to convergence of a skid. Under the condition 
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of a small time integration of the angular acceleration a, which 
suggests a low potential for occurrence of another skid, on the 
contrary, the torque restoration level is set high to 
effectively prevent the occurrence of another skid without 
5 excessive torque restriction. After the drive control of the 
motor 12, the CPU 42 determines whether the torque restoration 
limit 51 is not higher than 0, that is, whether the torque 
restoration limit 5l is completely eliminated (step S186) . In 
the case of complete elimination, both the skid occurrence flag 

10 Fl and the skid convergence flag F2 are set equal to zero (step 
S188) . The program then terminates the skid convergence state 
control routine. 

Fig. 9 shows a variation in torque output from the motor 
12 with a variation in angular acceleration a of the rotating 

15 shaft of the motor 12. Fig. 10 shows settings of the maximum 
torque Tmax according to the varying angular acceleration a. 
The abscissa in the graph of Fig. 9 represents the time axis. 
In the illustrated example of Fig. 9, the angular acceleration 
a exceeds the preset threshold value aslip at a time point t3 . 

20 The torque restriction control accordingly starts in response 
to detection of the occurrence of a skid at this time point t3 . 
The maximum torque Tmax is set equal to a value T3 corresponding 
to the angular acceleration a at the time point t3 (see Fig. 
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10 (a) ) . At a time point t5, the angular acceleration a reaches 
a peak, and the maximum torque Tmax is set equal to a value T5, 
which is lower than the value T3 , corresponding to the peak value 
apeak of the angular acceleration a (see Fig. 10(b)). The 
5 maximum torque Tmax is fixed to the value T5 until a time point 
tlO. In a skid occurrence period, the output torque from the 
motor 12 is restricted to a relatively low level corresponding 
to the maximum torque Tmax as shown in Fig. 9. At a time point 
t7 # the angular acceleration a decreases again below the preset 

10 threshold value aslip. The angular acceleration a is 
integrated over the integration interval between the time point 
t3 and the time point t7, that is, over the integration interval 
between the time point when the angular acceleration a exceeds 
the threshold value aslip and the time point when the angular 

15 acceleration a decreases below the threshold value aslip. The 
toque restoration limit 8l for restoration of the restricted 
torque is then set corresponding to the integrated angular 
acceleration a. After a preset time period has elapsed since 
the angular acceleration a becomes negative, that is, at a time 

20 point til in the example of Fig. 9, the torque control assumes 
convergence of the skid and starts restoration of the restricted 
torque level. At the time point til, the maximum torque Tmax 
is set equal to a value Til, which is higher than the value T5, 
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corresponding to the torque restoration limit 5l (see Fig. 
10(c) ) . The restricted torque level is restored gradually in 
response to each cancellation request of the torque restoration 
limit 5l input at every elapse of the preset waiting time 
5 interval. In response to input of a cancellation request of 
the torque restoration limit 5l at a time point tl4, the torque 
restoration limit 5l is cancelled by the cancellation rate A5l, 
and the maximum torque Tmax is set equal to a value T14 , which 
is higher than the value Til, corresponding to the cancelled 

10 level of the torque restoration limit 5l (see Fig. 10(d) ) . In 
a skid convergence period, the output torque from the motor 12 
is gradually increased with an increase in setting of the 
maximum torque Tmax as shown in Fig. 9. 

The minor skid occurring state control drives and 

15 controls the motor 12 to lower the wheel speed difference Av 
increasing by the occurrence of a minor skid and follows a minor 
skid occurring state control routine of Fig. 11. The CPU 42 
of the electronic control unit 4 0 first inputs a torque 
restriction rate 52 (step S200) . The torque restriction rate 

20 52 is a parameter used to set the maximum torque Tmax of the 
motor 12 for elimination of a minor skid. The torque 
restriction rate 52 is set according to a torque restriction 
rate 62 setting routine shown in Fig. 12 as discussed below. 
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The torque restriction rate 52 setting routine of Fig. 12 is 
executed repeatedly at preset time intervals (for example, at 
every 8 msec) in a time period between a time point when the 
minor skid occurrence flag F4 is changed from 0 to 1 at step 
5 S142 in the skid state determination routine of Fig. 4 and a 
time point when the minor skid convergence flag F3 is changed 
from 0 to 1. The torque restriction rate 52 setting routine 
first inputs the wheel speeds Vf and Vr (step S22 0) , calculates 
the wheel speed difference AV as a difference between the input 

10 wheel speeds Vf and Vr (step S222) , and integrates the 
calculated wheel speed difference AV to give a time integration 
Vint thereof over an integration interval since the wheel speed 
difference AV exceeds the preset threshold value Vslip (step 
S224) . In this embodiment, the time integration Vint of the 

15 wheel speed difference AV is given by Equation (2) below, where 
At denotes the execution time interval of this routine: 

Vint ^Vint + (AV - Vslip) - At (2) 

20 The torque restriction rate 52 is set by multiplying the 

time integration Vint of the wheel speed difference AV by a 
predetermined coefficient k2 (step S226) . The torque 
restriction rate 52 setting routine is here terminated. This 

32 



FNTYA016 

routine calculates the torque restriction rate 52 by 
multiplication of the predetermined coefficient k2 . One 
modified procedure may prepare in advance a map representing 
a variation in torque restriction rate 52 against the time 
5 integration Vint and read the torque restriction rate 52 
corresponding to the given time integration Vint from the map. 

On completion of the torque restriction rate 52 setting 
routine, the program returns to the minor skid occurring state 
control routine of Fig . 11 . The maximum torque Tmax as the upper 

10 limit of torque output from the motor 12 is set corresponding 
to the input torque restriction rate 52 by referring to the map 
of Fig. 6 (step S2 02) . After setting the maximum torque Tmax, 
the motor torque demand Tm* is compared with the maximum torque 
Tmax (step S2 04) . When the motor torque demand Tm* exceeds the 

15 maximum torque Tmax, the motor torque demand Tm* is limited to 
the maximum torque Tmax (step S2 06) . The CPU 42 then sets the 
motor torque demand Tm* to a target torque and drives and 
controls the motor 12 to output a torque corresponding to the 
target torque Tm* (step S208) , before exiting from this minor 

20 skid occurring state control routine. The torque output from 
the motor 12 in the occurrence of a minor skid is limited to 
a lower level (that is, the maximum torque Tmax corresponding 
to the torque restriction rate 52 [rpm / 8 msec] in the map of 
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Fig. 6) for immediate reduction of the minor skid. This 
limitation effectively reduces the minor skid. 

The minor skid convergence state control drives and 
controls the motor 12 to restore the limited torque level in 
5 response to the decreasing wheel speed difference Av by the 
minor skid occurring state control, and follows a minor skid 
convergence state control routine of Fig. 13. The CPU 42 of 
the electronic control unit 40 first inputs the last setting 
of the torque restriction rate 52, which has been set in the 

10 last cycle of the repeatedly executed torque restriction rate 
52 setting routine of Fig. 12 (that is, immediately before the 
minor skid convergence flag F4 is changed from 0 to 1) (step 
S230) . The CPU 42 receives a cancellation request of the input 
torque restriction rate 52 if present (step S232) and determines 

15 the presence or the absence of the cancellation request (step 
S234) . This step determines input or non-input of a request 
for canceling the torque restriction rate 52, which is the 
parameter to set the degree of torque restriction. The 
procedure of this embodiment receives a cancellation request 

20 to cancel the torque restriction with a cancellation rate A52 , 
which is initially set equal to 0 and increments by a preset 
increment amount every time a preset waiting time interval has 
elapsed since the first cycle of this routine. The waiting time 
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interval and the increment amount of the cancellation rate A82 
may be varied according to the demand level of the driver's 
cancellation request, for example, according to the magnitude 
of the accelerator opening representing the driver ' s torque 
5 output demand. In the presence of a cancellation request, the 
torque restriction rate 82 is updated by subtracting the 
cancellation rate A82 from the previous setting of the torque 
restriction rate 82 input at step S230 (step S236) . In the 
absence of a cancellation request, that is, when the preset 

10 waiting time interval has not yet elapsed since the first cycle 
of this routine and the cancellation rate A82 is equal to 0, 
on the other hand, the torque restriction rate 82 is not updated. 
The maximum torque Tmax as the upper limit of torque output from 
the motor 12 is set corresponding to the torque restriction rate 

15 82 by referring to the map of Fig. 6 (step S238) . After setting 
the maximum torque Tmax, the motor torque demand Tm* is compared 
with the preset maximum torque Tmax (step S24 0) . When the motor 
torque demand Tm* exceeds the maximum torque Tmax, the motor 
torque demand Tm* is limited to the maximum torque Tmax (step 

20 S242) . The CPU 42 then sets the motor torque demand Tm* to a 
target torque and drives and controls the motor 12 to output 
a torque corresponding to the target torque Tm* (step S244) . 
The CPU 42 subsequently determines whether the torque 
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restriction rate 52 is not higher than 0, that is, whether the 
torque restriction rate 82 is completely eliminated (step S246) . 
In the case of complete elimination, both the minor skid 
occurrence flag F3 and the minor skid convergence flag F4 are 
5 set equal to zero (step S24 8) . The program then terminates the 
minor skid convergence state control routine. 

Fig. 14 shows a variation in torque output from the motor 
12 with a variation in wheel speed difference Av between the 
drive wheels 18a and 18b and the driven wheels 19a and 19b. Fig. 

10 15 shows settings of the maximum torque Tmax of the motor 12 
against the time integration of the wheel speed difference AV. 
The abscissa in the graph of Fig. 14 represents the time axis. 
In the illustrated example of Fig. 14, the wheel speed 
difference Av exceeds the preset threshold value Vslip at a time 

15 point t5. The torque restriction control accordingly starts 
in response to detection of the occurrence of a minor skid at 
this time point t5 (see Fig. 15(a) ) . The maximum torque Tmax 
is set corresponding to the torque restriction rate 52, which 
depends upon the time integration Vint of the wheel speed 

20 difference AV over the integration interval between the 
occurrence time of the minor skid and the current time. The 
maximum torque Tmax is gradually lowered (from a value T6 to 
a value T12 and then to a value T17) with an increase in torque 
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restriction rate 52 until the wheel speed difference Av 
decreases below the preset threshold value Vslip, that is, 
during a time period between the time point t5 and a time point 
tl7 in the illustrated example of Fig. 14 (see Figs. 15(b) and 
5 15(c)) . In a minor skid occurrence period, the output torque 
limit from the motor 12 is gradually lowered corresponding to 
the maximum torque Tmax as shown in Fig. 14. At a time point 
tl8, the wheel speed difference Av decreases again below the 
preset threshold value Vslip. The torque control assumes 

10 convergence of the minor skid and starts restoration of the 
restricted torque level. The restricted torque level is 
restored gradually in response to each cancellation request of 
the torque restriction rate 52 input at every elapse of the 
preset waiting time interval. The maximum torque Tmax is 

15 accordingly changed from the value T17 to a higher value T18 
corresponding to the cancelled level of the torque restriction 

rate 52. In a minor skid convergence period, the output torque 
from the motor 12 is gradually increased with an increase in 
setting of the maximum torque Tmax as shown in Fig. 14. 
20 As described above, the motor control apparatus 20 of the 

embodiment detects the occurrence of a skid when the angular 
acceleration a of the rotating shaft of the motor 12 exceeds 
the preset threshold value aslip, and restricts the torque level 
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output from the motor 12 for immediate reduction of the skid. 
The motor control apparatus 2 0 integrates the angular 
acceleration a to give the time integration aint during the 
time period when the angular acceleration a once exceeds the 
5 preset threshold value aslip and decreases again below the 
preset threshold value aslip. After the torque restriction 
converges the skid, the motor control apparatus 2 0 sets the 
maximum torque Tmax corresponding to the time integration aint 
of the angular acceleration a and restores the torque level 

10 to the maximum torque Tmax as the upper limit. The restoration 
degree of the torque level is set according to the time 
integration aint of the angular acceleration a in the skid 
occurrence period. This arrangement ensures adequate control 
of the motor 12 according to the skid state and thereby 

15 effectively prevents the occurrence of another skid. The time 
integration aint of the angular acceleration a reflects the 
skid state. This arrangement thus effectively prevents the 
occurrence of another skid without excessive torque restriction. 
The motor control apparatus 2 0 also detects the occurrence of 

20 a minor skid, based on the difference between the wheel speed 
Vf of the drive wheels 18a and 18b and the wheel speed Vr of 
the driven wheels 19a and 19b (wheel speed difference AV) . In 
response to detection of the occurrence of a minor skid, the 
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torque level is restricted corresponding to the time 
integration Vint of the wheel speed difference Av during the 
time period between the detection time of the minor skid and 
the current time . This arrangement enables detection of a minor 
5 skid, which is not detectable by monitoring a variation in 
angular acceleration a, and, in response to detection of a minor 
skid, controls the torque level for immediate reduction of the 
minor skid. 

The motor control apparatus 2 0 of the embodiment detects 
10 the occurrence of a minor skid based on the variation in wheel 
speed difference Av, only when the variation in angular 
acceleration a suggests no occurrence of a major skid. One 
modified procedure may detect the occurrence of a minor skid 
based on the variation in wheel speed difference Av, in parallel 
15 with detection of the occurrence of a major skid based on the 
variation in angular acceleration a. In the event of detection 
of either a major skid or a minor skid, this modified procedure 
executes the torque control according to the control routines 
of Figs. 5, 7, and 8 in response to detection of the major skid 
20 based on the variation in angular acceleration a, while 
executing the torque control according to the control routines 
of Figs. 11, 12, and 13 in response to detection of the minor 
skid based on the variation in wheel speed difference AV. In 
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the event of detection of both a major skid and a minor skid, 
the torque control in the skid occurrence period may set the 
maximum torque Tmax corresponding to the total of the peak value 
apeak [rpm / 8 msec] of the angular acceleration a set at steps 
5 S150 and S152 in the skid occurring state control routine of 
Fig. 5 and the torque restriction rate 82 [rpm / 8 msec] input 
at step S200 in the routine of Fig. 11 (Tmax ^-g (apeak + 52 ) ) 
and control the motor 12 with the maximum torque Tmax. The 
torque control may alternatively set the maximum torque Tmax 

10 corresponding to the greater between the peak value apeak of 
the angular acceleration a and the torque restriction rate 52 
and control the motor 12 with the maximum torque Tmax. The 
torque control in the skid convergence period may set the 
maximum torque Tmax corresponding to the total of the torque 

15 restoration limit Si [rpm / 8 msec] set at step S178 in the 
routine of Fig. 7 and the torque restriction rate 52 set at step 
S23 6 in the routine of Fig. 13 and control the motor 12 with 
the maximum torque Tmax. The torque control may alternatively 
set the maximum torque Tmax corresponding to the greater between 

20 the torque restoration limit 5l and the torque restriction rate 
52 and control the motor 12 with the maximum torque Tmax. 
Detection of a minor skid based on the variation in wheel speed 
difference AV may be omitted if not required. 
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The motor control apparatus 2 0 of the embodiment 
integrates the angular acceleration a to give the time 
integration aint over the integration interval when the angular 
acceleration a once exceeds the preset threshold value aslip 
5 and decreases again below the preset threshold value otslip. 
One possible modification may integrate the angular 
acceleration a over another integration interval when the 
angular acceleration a exceeds the preset threshold value aslip 
and decreases below zero. Another possible modification may 
10 integrate the angular acceleration a over a preset time period 
since the angular acceleration a exceeds the preset threshold 
value aslip. 

In the motor control apparatus 2 0 of the embodiment, the 
skid state determination process of Fig. 4 determines 

15 convergence of a skid when the negative angular acceleration 
a has been kept for the preset time period since detection of 
the occurrence of the skid based on the variation in angular 
acceleration a. The convergence of a skid may be determined 
in response to detection of a reducing tendency of the skid, 

20 for example, when the angular acceleration a decreases below 
the preset threshold value aslip or when the angular 
acceleration a decrease below zero. The convergence of a skid 
may otherwise be determined after elapse of a preset time period 
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since the angular acceleration decreases below the preset 
threshold value ocslip. 

The embodiment described above regards control of the 
motor 12, which is mounted on the vehicle 10 and is mechanically 
5 connected with the drive shaft linked to the drive wheels 18a 
and 18b to directly output power to the drive shaft. The 
technique of the invention is applicable to a vehicle of any 
other structure with a motor that is capable of directly 
outputting power to a drive shaft. For example, one possible 

10 application of the invention is a series hybrid vehicle 
including an engine, a generator that is linked to an output 
shaft of the engine, a battery that is charged with electric 
power generated by the generator, and a motor that is 
mechanically connected with a drive shaft linked to drive wheels 

15 and is driven with a supply of electric power from the battery. 
Another possible application of the invention is a mechanical 
distribution- type hybrid vehicle 110 including an engine 111, 
a planetary gear 117 that is connected with the engine 111, a 
motor 113 that is connected with the planetary gear 117 and is 

20 capable of generating electric power, and a motor 112 that is 
also connected with the planetary gear 117 and is mechanically 
connected with a drive shaft linked to drive wheels to directly 
output power to the drive shaft, as shown in Fig. 16. Still 
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another possible application of the invention is an electrical 
distribution- type hybrid vehicle 210 including a motor 212 that 
has an inner rotor 213a connected with an output shaft of an 
engine 211 and an outer rotor 213b connected with a drive shaft 
5 linked to drive wheels 218a and 218b and relatively rotates 
through electromagnetic interactions between the inner rotor 
213a and the outer rotor 213b and a motor 212 that is mechanically 
connected with the drive shaft to directly output power to the 
drive shaft, as shown in Fig. 17. Another possible application 
10 of the invention is a hybrid vehicle 310 including an engine 

311 that is connected with a drive shaft linked to drive wheels 
318a and 318b via a transmission 314 (for example, a continuous 
variable transmission or an automatic transmission) and a motor 

312 that is placed after the engine 311 and is connected with 
15 the drive shaft via the transmission 314 (or a motor that is 

directly connected with the drive shaft) , as shown in Fig. 18. 
In the event of the occurrence of a skid on drive wheels, the 
torque control mainly controls the motor mechanically connected 
with the drive shaft, because of its high torque output response. 
20 The control of this motor may be combined with control of the 
other motor or with control of the engine. 

The embodiment and its modified examples discussed above 
are to be considered in all aspects as illustrative and not 
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restrictive. There may be many other modifications, changes, 
and alterations without departing from the scope or spirit of 
the main characteristics of the present invention. 

5 Industrial Applicability 

The technique of the invention is effectively applied to 
automobile and train-related industries. 
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